Abstract: At the turn of the 21st century, < 100 Iberian lynx (Lynx pardinus) individuals were found to occur in Southern Spain. Research conducted when the species was that scarce identified Mediterranean scrubland as its breeding habitat. In recent years, the population has grown both in number of individuals and occupied surface. Here, we describe the use of olive tree plantations with low scrub density as breeding habitats by the Iberian lynx. Our results suggest that habitats that were formerly considered as non-suitable, such as agricultural land, could indeed host Iberian lynx breeding territories in areas with low scrubland coverage if wild rabbits are abundant.
During the last two centuries, many carnivores have experienced both substantial population declines and geographic range contractions due to habitat destruction, fragmentation, and human (direct or indirect) persecution (Woodroffe 2000 , Ceballos and Ehrlich 2002 , Morrison et al. 2007 ). On this basis, carnivore conservation efforts developed in recent times have included protective legislation, supportive public opinion, and a variety of practices, making it possible for large carnivores and people to co-exist. This fact allows species to persist in human-dominated landscapes, thus prompting the recovery of carnivore populations (Lesmerises et al. 2012 , Chapron et al. 2014 .
The Iberian lynx (Lynx pardinus) is an Iberian endemic specialist predator, the wild rabbit (Oryctolagus cuniculus) being its staple prey (Fedriani et al. 1999 , Gil-Sánchez et al. 2006 . Its populations suffered a dramatic decrease during the 20th century, mainly due to human-mediated mortality, habitat destruction and transformation, and the decline of wild rabbit populations (Guzmán et al. 2004) . By 2002, only about 100 individuals, divided between two remnant populations (Andújar-Cardeña and Doñana), were found to occur , both in Southern Spain. In consequence, the species was listed as "critically endangered" in 2002 (IUCN 2002 ). Research conducted when the species was that scarce found that the Iberian lynx positively selected Mediterranean scrubland for settling , Fernández et al. 2006 . Specifically, shrub coverage (over 35%), rocky outcrops, and wild rabbit density were found to be selected by resident Iberian lynxes , Palomares 2001 , Fernández et al. 2006 , whereas density of ecotones between scrubland and pastureland significantly increased within breeding territories (Fernández et al. 2003) . Both crops and fruit tree groves were identified as non-suitable habitat for the species (Palomares 2001 , Fernández et al. 2006 . In addition to habitat features, the availability of places that can be used as a den has been pointed out as a potential limiting factor for the breeding of the Iberian lynx (Fernández and Palomares 2000) . Iberian lynx breeding dens have been found to be located in natural hollow trees, branch and stump piles (from forestry management), rock caves, and dense shrubs Palomares 2000, Simón 2013 ). In the last decade, Iberian lynx populations have experienced a significant increase due to conservation measures developed as part of several conservation programs focused on increasing the carrying capacity of occupied habitats (by enhancing wild rabbit populations) and reducing the direct threats to Iberian lynx populations (aimed mainly at decreasing known causes of mortality) . These conservation efforts have reversed the decline of the Iberian lynx populations , such that recently this species has been listed by the IUCN as "endangered" (Rodríguez and Calzada 2015) . In its spreading, the species has occupied the surroundings of the remnant nuclei, thus occupying apparently suboptimal habitats such as humanized areas, tree cultures, etc. (Garrote et al. 2013 , Simón 2013 , where the species has even managed to breed. Here, we describe the first recorded Iberian lynx females both to settle and breed in an olive grove in the boundary of the Andújar-Cardeña population.
The Andújar-Cardeña Iberian lynx population is located in eastern Sierra Morena (Figure 1 ), a hilly area covered by well-preserved Mediterranean forests and scrubland. Most of the land is used as large game reserves.
In the south-to-eastern margin, the Mediterranean scrubland borders a large extension of intensive olive tree plantations. These plantations are composed of old olive trees set in parallel lines. Due to intensive management, there is an absence of shrubs and meadows in these fields, except in small rocky outcrops (that cannot be managed) mixed with mastic trees (Pistacia lentiscus) and kermes oaks (Quercus coccifera), and some thin (thinner than a width of 2 m) temporary streams where giant canes (Arundo donax) and young abeles (Populus alba) occur. To monitor Iberian lynx presence and abundance, we conducted a routine annual camera-trapping campaign (see Garrote et al. 2011 ) throughout the known occupied area and its surroundings from 2004 onwards . Moreover, from 2006, radio tracking was used as a monitoring support tool of the conservation programs (see López et al. 2014 for details) . With regard to the Iberian lynx population growth, individuals began occupying the outskirts of the nucleus, including the above-mentioned olive groves, as ascertained by both camera-trapping and radio-tracking data.
Our findings were obtained as part of the Iberian lynx population-monitoring program within the framework of the Iberian Lynx Life Project (see Simón et al. 2012; Simón 2013 ). This monitoring program includes radio-tracking, camera-trapping, and rabbit population monitoring methods. Radio-tagged lynxes were captured using double-entrance, electro-welded-mesh box traps (2 × 0.5 × 0.5 m) baited with rabbits and fitted with VHF radio collars (Wagener Collar, Brenaerham, Germany). The radio-tracking routine consisted of obtaining one to five locations by triangulation each week. Only one location per day was considered, so that points can be assumed to be independent (Ferreras et al. 1997) . We used both the AniMove extension of the QuantumGIS program to obtain the location from the field data and the Home Range Extension of the ARCVIEW™ program to calculate minimum convex polygons. Camera traps were deployed across the entire Iberian lynx distribution area spaced at a density of approx. one camera trap/km 2 (see Gil-Sánchez et al. 2011 for details). Camera-trapping stations were placed at the same point in the grid each year and were kept active for a period of 2-5 months. Lynxes were individually identified on the basis of the patterns of their spots . The European rabbit populations were monitored using latrine counts ( > 20 pellets in a circle with a > 30 cm 2 area) along itineraries. The complete Iberian lynx distribution area was divided in 2.5 × 2.5 squares. Latrine counts were carried out along 4.5-7 km itineraries in each square. Sampling was conducted annually between June and July. In this study, the rabbit abundance in the home ranges considered has been estimated as the value obtained from those itineraries located within each home range.
In April 2012, an adult female with a year-old cub was detected in the olive groves through camera trapping. Both individuals were detected 3.76 km from the scrubland border. Although that cub was probably born in the olive grove, it is not possible to confirm that point as the den was not detected. Location of dens in this agricultural land was carried out by radio tracking one adult female tagged in 2011 in the classic scrubland habitat in the Andújar-Cardeña nucleus, which was rejected from its home range by a younger female in 2012. After an exploratory dispersion, the adult female settled in the olive groves in December 2012 (Figure 1 ). Camera trapping showed that this area had been used by a single male before the arrival of the female. In the olive groves, the size of the female's home range was 221.1 ha in 2013 (MCP95; n = 94 fixes) and 288.7 ha in 2014 (MCP95; n = 87 fixes), with an overlapping of 175.3 ha between the years. Rabbit abundance was 38.2 latrines/km (n = 2.6 km) in 2013 and 30.5 latrines/km (n = 3.2 km) squares in 2014. Rabbit abundance in its original home range was 12.5 latrines/km (n = 4.6 km). Scrubs and riparian vegetation patches in the home ranges were identified using a geographic information system for land parcel identification (SIGPAC) from Andalusian aerial photographs (1:5000) 2013 flight. After identification, the surface of each patch was measured in the field by GPS (Garmin e-trex Venture HC). The surface occupied by scrubs and riparian vegetation patches in the home ranges was 4.2 ha (1.9%) in 2013 and 3.7 ha (1.3%) in 2014. The remaining surface was composed of olive tree plantations with bare ground.
Two consecutive reproduction events were detected in 2013 and 2014. Both camera trapping and direct observation by personnel working on Iberian lynx conservation confirmed reproduction in both the years: two cubs in 2013 and three cubs in 2014. In 2013, the breeding den was located in a giant cane patch located in a temporary stream. It was 130 m in length and 14 m in width at its widest part. In 2014, the female gave birth in a different stream in another giant cane patch 112 m in length and 12 m in width at its widest part. In both the years, cubs were transferred to an auxiliary den placed in a patch composed of rocks and mastic trees. Its measurements were 144 metres in length and 12 metres in width at its widest part. There were rabbit warrens inside the patch. Besides this case, we are aware of the occurrence of one more territorial female established in this area in 2013 (Figure 1 ). This female was detected in October and December 2013 through camera trapping 5.2 km west from the above-mentioned female. That territorial female was detected in the same locations in July and October 2014 with two cubs. Rabbit abundance in its home range was 11.8 latrines/km (n = 4.4 km) in 2013 and 12.2 latrines/km (n = 4.4 km) in 2014. Another female with two cubs were detected in October and November 2014 through camera trapping in olive groves 22.8 km west from the other females and 1.6 km from scrub border. Rabbit abundance in its home range was 24.5 latrines/km (n = 5.2 km). Unfortunately, we were unable to detect breeding dens in these non-tagged females. Mean rabbit abundance in the complete Iberian lynx distribution area was 7.7 latrines/km (SE: 6.2; n = 85 squares) in 2013 and 8.11 latrines/km in 2014 (SE: 7.4 ; n = 79 squares).
Our findings suggest that Iberian lynxes hold greater ecological plasticity than previously thought. Thus, habitats that were formerly considered as non-suitable, such as agricultural land , could indeed host Iberian lynx breeding territories. Specifically, our study demonstrated that Iberian lynx breeding territories can occur in areas with low scrubland coverage if wild rabbit densities are adequate to permit lynx establishment. Moreover, our results demonstrate that Iberian lynxes can use many different structures as a den if known classic structures are not available. Another factor that probably allowed the expression of the plasticity of the species was the reduction in mortality rates. Annual mortality rates have largely reduced in the last decade which has favoured the colonization of more human-altered habitats , Garrote et al. 2013 , as observed in other carnivores (Lesmerises et al. 2012 , Chapron et al. 2014 .
Based on this scenario, we believe that the real importance, for the Iberian lynx, of both scrubland coverage and potential den availability should be re-assessed, considering the current situation of the species. Olive groves are probably a suboptimal habitat that was occupied after the preferred habitat was full. However, data presented in this study suggest that if such locations hold high wild rabbit abundance and a small availability of refuge, they can become a breeding habitat. Thus, minimal management intended to permit the establishment of small shrub patches in the olive groves or other kinds of agricultural land would increase the potential distribution of the Iberian lynx. The Andalusian Rural Development Program (Junta de Andalucía 2015) provides subsidy to non-productive investment focused on preserving biodiversity within the Iberian lynx (as well as in other protected species) distribution. Some of the favored actions include enhancing river vegetation, island forests, hedges, and construction of rabbit burrowings. These actions, however, are voluntary for the land owners. Hence, if management policies guarantee the existence of minimal shrub coverage in agricultural areas, the Iberian lynx population would benefit. Given the current scarcity of wild rabbits in most of the Iberian habitats (Delibes-Mateos et al. 2014) , agricultural crops with ecotones with scrubland could be the habitat with highest rabbit abundance in the Iberian lynx distribution range (Calvete et al. 2004) . Thus, groves similar to those in our study area could act both as buffer areas when rabbit populations drop nearby and as corridors connecting different Iberian lynx population nuclei. In conclusion, we believe that our results bring hope to Iberian lynx conservation, since they open the door to new conservation strategies where habitat quality must be evaluated more accurately.
